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(57) ABSTRACT

Vehicle control device of vehicle including lockup clutch
configured to directly couple between input/output rotating
members of fluid power transmission device transmitting
power of engine to automatic transmission, vehicle control
device engaging lockup clutch when running state of vehicle
in predetermined running state, vehicle control device pro-
viding lockup clutch pressure learning control of learning oil
pressure of lockup clutch used in start-time lockup slip con-
trol in which lockup clutch placed in slip-engaged state
toward engaged state at start of vehicle based on rotation
speed of engine at time of engagement of lockup clutch,
vehicle control device inhibiting engagement of lockup
clutch when running state of vehicle in predetermined run-
ning state and also in second predetermined running state,
vehicle control device engaging lockup clutch after running
state of vehicle goes out of second predetermined running
state, and providing lockup clutch pressure learning control in
engaging process of lockup clutch.

4 Claims, 5 Drawing Sheets
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VEHICLE CONTROL DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims the priority from Japanese
Patent Application No. 2014-127750 filed on Jun. 20, 2014,
the disclosure of which is herein incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a control device of a
vehicle including a fluid power transmission device having a
lockup clutch.

2. Description of Related Art

In a vehicle including a lockup clutch capable of direct
coupling between input/output rotating members of a fluid
power transmission device transmitting power of an engine to
an automatic transmission, a vehicle control device is well-
known that provides start-time lockup slip control in which
the lockup clutch is placed in a slip-engaged state toward an
engaged state at the start of the vehicle. For example, this
corresponds to a vehicle control device described in Japanese
Laid-Open Patent Publication No. 2014-13088. It is disclosed
in Japanese Laid-Open Patent Publication No. 2014-13088
that the lockup clutch is engaged when the a running state of
the vehicle is a predetermined running state and that a torque
capacity of the lockup clutch is calculated based on an engine
rotation speed at the time of engagement of the lockup clutch
to learn a lockup clutch oil pressure for the start-time lockup
slip control based on a start time point of torque transmission
through the lockup clutch determined from a change in the
torque capacity.

SUMMARY OF THE INVENTION

Ifan engine rotation speed varies at the time of engagement
of'the lockup clutch due to a factor other than the engagement
of the lockup clutch such as a shift of an automatic transmis-
sion, the torque capacity of the lockup clutch may wrongly be
calculated and the accuracy of learning of the lockup clutch
oil pressure (oil-pressure learning) may not sufficiently be
achieved. In this regard, it is proposed in Patent Document 1
to inhibit the learning of the lockup clutch oil pressure at the
vehicle start associated with a larger variation amount of the
engine rotation speed and to inhibit the provision of start-time
lockup slip control until completion of oil-pressure learning
performed at the time of engagement of the lockup clutch
during steady running. However, if the oil-pressure learning
is simply uniformly inhibited in the running state associated
with a large variation amount of the engine rotation speed, the
opportunities of oil-pressure learning are reduced and the
start-time lockup slip control may not properly be provided.
The problem as described above is unknown.

The present invention was conceived in view of the situa-
tions and it is therefore an object of the present invention to
provide a vehicle control device capable of improving learn-
ing accuracy of lockup clutch pressure learning control and
capable of suppressing a reduction in learning frequency of
the lockup clutch pressure learning control.

To achieve the object, the first aspect of the invention
provides a vehicle control device (a) of a vehicle including a
lockup clutch configured to directly couple between input/
output rotating members of a fluid power transmission device
transmitting power of an engine to an automatic transmission,
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the vehicle control device engaging the lockup clutch when a
running state of the vehicle is in a predetermined running
state, the vehicle control device providing lockup clutch pres-
sure learning control of learning an oil pressure of the lockup
clutch used in start-time lockup slip control in which the
lockup clutch is placed in a slip-engaged state toward an
engaged state at the start of the vehicle based on a rotation
speed of the engine at the time of engagement of the lockup
clutch, (b) the vehicle control device inhibiting engagement
of'the lockup clutch when the running state of the vehicle is in
the predetermined running state and also in a second prede-
termined running state, the vehicle control device engaging
the lockup clutch after the running state of the vehicle goes
out of the second predetermined running state, and providing
the lockup clutch pressure learning control in an engaging
process of the lockup clutch.

Consequently, when the lockup clutch pressure learning
control is provided, the learning accuracy of the lockup clutch
pressure learning control can be improved by inhibiting the
engagement of the lockup clutch in the running state in which
an excessive variation in the rotation speed of the engine tends
to occur during learning due to a shift of the automatic trans-
mission. Additionally, when the lockup clutch pressure learn-
ing control is provided, a reduction in the learning frequency
of the lockup clutch pressure learning control can be sup-
pressed by not only simply inhibiting the engagement of the
lockup clutch in the running state in which an excessive
variation in the rotation speed of the engine tends to occur
during learning due to a shift of the automatic transmission
but also engaging the lockup clutch after a running state is
achieved in which the excessive variation hardly occurs dur-
ing learning.

The second aspect of the invention provides the vehicle
control device recited in the first aspect of the invention,
wherein the second predetermined running state is a prede-
termined low vehicle speed state. Consequently, when the
lockup clutch pressure learning control is provided, the
engagement of the lockup clutch is properly inhibited in the
running state in which an excessive variation in the rotation
speed of the engine tends to occur during learning due to a
shift of the automatic transmission, such as a region in which
an upshift of the automatic transmission tends to be made
because the vehicle is still in transition of the start.

The third aspect of the invention provides the vehicle con-
trol device recited in the first or second aspect of the inven-
tion, wherein the second predetermined running state is a
state in which a gear ratio of the automatic transmission is
equal to or greater than a predetermined value. Consequently,
when the lockup clutch pressure learning control is provided,
the engagement of the lockup clutch is properly inhibited in
the running state in which an excessive variation in the rota-
tion speed of the engine tends to occur during learning due to
a shift of the automatic transmission, such as when the gear
ratio is still on a low vehicle speed side on which an upshift of
the automatic transmission tends to be made.

The fourth aspect of the invention provides the vehicle
control device recited in any one of the first to third aspects of
the invention, wherein the second predetermined running
state is a state in which a change amount of rotation speed of
the engine is equal to or greater than a predetermined value.
Consequently, when the lockup clutch pressure learning con-
trol is provided, the engagement of the lockup clutch is prop-
erly inhibited in the running state in which an excessive
variation in the rotation speed of the engine tends to occur
during learning due to a shift of the automatic transmission.

The fifth aspect of the invention provides the vehicle con-
trol device recited in any one of the first to fourth aspects of
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the invention, wherein when the running state of the vehicle is
in the predetermined running state and the lockup clutch
pressure learning control is permitted, the lockup clutch is
engaged after the running state of the vehicle goes out of the
second predetermined running state, and wherein when the
running state of the vehicle is in the predetermined running
state and the lockup clutch pressure learning control is not
permitted, the lockup clutch is engaged regardless of whether
the running state of the vehicle is in the second predetermined
running state. Consequently, since the control of temporarily
inhibiting the engagement of the lockup clutch is limited to
only during the lockup clutch pressure learning control, the
lockup clutch is engaged when the running state ofthe vehicle
is in the original predetermined running state while the
lockup clutch pressure learning control is not provided and,
therefore, the deterioration in practical fuel efficiency of the
vehicle is suppressed.

The sixth aspect of the invention provides the vehicle con-
trol device recited in any one of the first to fifth aspects of the
invention, wherein a torque capacity of the lockup clutch is
calculated based on a rotation speed of the engine during
engaging the lockup clutch, and wherein the lockup clutch
pressure learning control is provided based on a start time
point of torque transmission through the lockup clutch deter-
mined based on the torque capacity. Consequently, when the
lockup clutch is engaged, the lockup clutch pressure learning
control is properly provided based on the rotation speed of the
engine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram for explaining a general configuration
of'a vehicle to which the present invention is applied and is a
diagram for explaining main portions of a control function
and a control system for various types of control in the
vehicle.

FIG. 2 1is an example of a shift map used to calculate a target
input shaft rotation speed in shift control of a continuously
variable transmission.

FIG. 3 is an example of a lockup region diagram used when
actuation control of an L/U clutch is provided.

FIG. 4 is an example of an engine torque map used to
calculate an engine torque.

FIG. 5 is a diagram illustrating a relationship between a
capacity coefficient and a speed ratio of a torque converter.

FIG. 6 is a flowchart for explaining a main portion of the
control operation of an electronic control device, i.e., the
control operation for improving the learning accuracy of L/U
clutch pressure learning control and suppressing a reduction
in learning frequency of the L/U clutch pressure learning
control.

FIG. 7 is an example of a time chart when the control
operation depicted in the flowchart of FIG. 6 is executed.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

An example of the present invention will now be described
in detail with reference to the drawings.

Embodiment

FIG. 1 is a diagram for explaining a general configuration
of a vehicle 10 to which the present invention is applied and
is a diagram for explaining main portions of a control function
and a control system for various types of control in the vehicle
10. In FIG. 1, the vehicle 10 includes an engine 12 as a drive
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power source for running, a torque converter 14 as a fluid
power transmission device, a forward/backward switching
device 16, a belt type continuously variable transmission 18
(hereinafter referred to as a continuously variable transmis-
sion 18) as an automatic transmission, a reduction gear device
20, a differential gear device 22, and left and right drive
wheels 24. Power output from the engine 12 in the vehicle 10
is transmitted sequentially via the torque converter 14, the
forward/backward switching device 16, the continuously
variable transmission 18, the reduction gear device 20, and
the differential gear device 22 to the left and right drive
wheels 24.

The torque converter 14 includes a pump impeller 14p
coupled to the engine 12 and a turbine impeller 14¢ coupled to
the forward/backward switching device 16 via a turbine shaft
26 and transmits power via fluid between the pump impeller
14p and the turbine impeller 14z. In the torque converter 14,
the pump impeller 14p corresponds to an input rotating mem-
ber while the turbine impeller 14¢ corresponds to an output
rotating member, and the power of the engine 12 is transmit-
ted via fluid toward the continuously variable transmission
18. The torque converter 14 is provided with a lockup clutch
15 (hereinafter referred to as an L/U clutch 15) capable of
direct coupling between the pump impeller 14p and the tur-
bine impeller 147 (i.e., between input/output rotating mem-
bers of the torque converter 14). The pump impeller 14p is
coupled to a mechanical oil pump 28 rotationally driven by
the engine 12 to generate a hydraulic oil pressure acting as an
original pressure for controlling a shift of the continuously
variable transmission 18, controlling actuation of the L/U
clutch 15, or supplying lubrication oil to the portions.

As is well known, the L/U clutch 15 is a hydraulic friction
clutch frictionally engaged with a front cover 14¢ by control-
ling a differential pressure AP (=Pon-Poff) between an oil
pressure Pon in an engagement-side oil chamber 14 on and an
oil pressure Poff in a release-side oil chamber 14 off. Actua-
tion states of the [/U clutch 15 are broadly classified into
three states, which are, for example, so-called lockup release
(lockup-off, L/U-off) when the differential pressure AP is
made negative to release the /U clutch 15, so-called lockup
slip (L/U-slip) when the differential pressure AP is made
equal to or greater than zero to semi-engage (slip-engage) the
L/U clutch 15 with a slip, and a so-called lockup state
(lockup-on, L/U-on) when the differential pressure AP is set
to the maximum value to completely engage the /U clutch
15. When the L/U clutch 15 is put into the L/U-off;, the torque
converter 14 can produce a torque amplification effect. When
the L/U clutch 15 is put into the [/U-on, the pump impeller
14p and the turbine impeller 147 are integrally rotated to
directly transmit the power of the engine 12 toward the for-
ward/backward switching device 16. When the L/U clutch 15
is put into the L/U-slip, the turbine shaft 26 is rotated by
following a crankshaft 13 of the engine 12 with a predeter-
mined slip amount Ns (=engine rotation speed Ne—turbine
rotation speed Nt) during drive (power-on) of the vehicle 10,
while the crankshaft 13 of the engine is rotated by following
the turbine shaft 26 with a predetermined slip amount during
non-drive (power-oft) of the vehicle 10. In the [./U-slip of the
L/U clutch 15, a torque share of the L/U clutch 15 is elimi-
nated by setting the differential pressure AP to zero, for
example, and the torque converter 14 is under the operation
condition equivalent to the L/U-off.

The forward/backward switching device 16 includes a for-
ward clutch C1, a backward brake B1, and a double-pinion
type planetary gear device 16p. The turbine shaft 26 of the
torque converter 14 is integrally coupled to a sun gear 16s of
the planetary gear device 16p, and an input shaft 30 of the
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continuously variable transmission 18 is integrally coupled to
a carrier 16¢ of the planetary gear device 16p. The carrier 16¢
and the sun gear 165 are selectively coupled via the forward
clutch C1, and a ring gear 167 of the planetary gear device 16p
is selectively fixed via the backward brake B1 to a housing 32
that is a non-rotating member. The forward clutch C1 and the
backward brake B1 are known hydraulic friction engagement
devices. When the forward clutch C1 is engaged and the
backward brake Bl is released in the forward/backward
switching device 16, the forward/backward switching device
16 is integrally rotated to directly couple the turbine shaft 26
and the input shaft 30 so that a forward power transmission
path is established (achieved). When the backward brake B1
is engaged and the forward clutch C1 is released in the for-
ward/backward switching device 16, a backward power trans-
mission path is established and the input shaft 30 is rotated in
the direction opposite to a rotating direction of the turbine
shaft 26. When both the forward clutch C1 and the backward
brake Bl are released, the forward/backward switching
device 16 is put into a neutral state (power transmission
interruption state) in which power transmission is interrupted.

The continuously variable transmission 18 includes a pri-
mary pulley 34 having a variable effective diameter disposed
on the input shaft 30, a secondary pulley 38 having a variable
effective diameter disposed on an output shaft 36, and a power
transmission belt 40 wound between the paired pulleys 34,
38. The continuously variable transmission 18 makes up a
portion of a power transmission path between the forward/
backward switching device 16 and the drive wheels 24, and
power is transmitted via a friction force between the pair of
the pulleys 34, 38 and the power transmission belt 40. In the
continuously variable transmission 18, when V-groove
widths of the pair of the pulleys 34, 38 are varied to change a
winding diameter (effective diameter) of the power transmis-
sion belt 40, a gear ratio y (=input shaft rotation speed Nin/
output shaft rotation speed Nout) is continuously varied while
the friction force (belt clamping pressure) between the pair of
the pulleys 34, 38 and the power transmission belt 40 is
controlled so as not to generate a slip of the power transmis-
sion belt 40.

The vehicle 10 includes an electronic control device 50
including a control device of the vehicle 10 providing lockup
clutch pressure learning control (hereinafter referred to as
L/U clutch pressure learning control) described later, for
example. The electronic control device 50 includes a so-
called microcomputer including a CPU, a RAM, a ROM, and
an I/O interface, for example, and the CPU executes signal
processes in accordance with a program stored in advance in
the ROM, while utilizing a temporary storage function of the
RAM, to provide various types of control for the vehicle 10.
For example, the electronic control device 50 provides output
control of the engine 12, shift control of the continuously
variable transmission 18, actuation control of the L/U clutch
15, etc., and may be configured as mutually independent
control units for engine control, hydraulic control of the con-
tinuously variable transmission 18 and the L/U clutch 15, etc.,
as needed. The electronic control device 50 is supplied with
various input signals (e.g., the engine rotation speed Ne that is
arotation speed of the engine 12, the turbine rotation speed Nt
that is a rotation speed of the turbine shaft 26, the input shaft
rotation speed Nin that is a rotation speed of the input shatt 30,
the output shaft rotation speed Nout that is a rotation speed of
the output shaft 36 corresponding to a vehicle speed V, an
accelerator opening degree Oacc that is an operation amount
of'an accelerator operating member, and a throttle valve open-
ing degree Oth that is an opening degree of an electronic
throttle valve) based on detection values detected by various
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6

sensors (e.g., rotation speed sensors 52, 54, 56, 58, an accel-
erator opening degree sensor 60, and a throttle valve opening
degree sensor 62) provided in the vehicle 10. The electronic
control device 50 supplies devices (e.g., the engine 12 and a
hydraulic control circuit 64) provided in the vehicle 10 with
various output signals (e.g., an engine control command sig-
nal Se for the output control of the engine 12, a CVT control
command signal Scvt for the hydraulic control related to a
shift of the continuously variable transmission 18 etc., an L/U
clutch control pressure Slu as an /U clutch control command
signal for the hydraulic control related to an engagement
actuation of the L/U clutch 15, and a forward/backward con-
trol command signal Sfr for the hydraulic control related to
engagement actuations of the forward clutch C1 and the back-
ward brake B1).

The differential pressure AP controlled by the hydraulic
control circuit 64 based on the L/U clutch control pressure Slu
is an oil pressure value representative of the actuation state
(L/U-off, L/U-slip, L/U-on) of the L/U clutch 15 and is
defined as an L/U clutch pressure Plu in this example. This
L/U clutch pressure Plu is also an oil pressure value corre-
sponding to the slip amount Ns of the L/U clutch 15 and a
torque capacity (hereinafter referred to as an L/U clutch
torque) Tlu of the L/U clutch 15. The L/U clutch control
pressure Slu is an oil pressure command value of the L/U
clutch pressure Plu and is oil pressure of the I/U clutch 15
learnt in the L/U clutch pressure learning control described
later. The /U clutch torque Tlu is the largest torque value that
can be transmitted by the L/U clutch 15 and is different from
an L/U clutch transmission torque that is a torque value actu-
ally transmitted by the L/U clutch 15 to be exact; however, the
both torques are treated as the same torque for convenience if
not particularly distinguished. The /U clutch transmission
torque has the same meaning as an [/U clutch sharing torque
that is a torque value when the torque transmitted through a
power transmission path between the engine 12 and the for-
ward/backward switching device 16 is transmitted by the L/U
clutch 15 along with the torque converter 14 sharing the
torque.

The electronic control device 50 includes an engine control
means, i.e., an engine control portion 70, a CVT control
means, i.e., a CVT control portion 72, and an L/U clutch
control means, i.e., an L/U clutch control portion 74.

The engine control portion 70 outputs the engine control
command signal Se to each of a throttle actuator, a fuel
injection device, and an ignition device for the output control
of'the engine 12, for example. Specifically, the engine control
portion 70 sets a target engine torque Tetgt for acquiring a
request drive force (synonymous with a request drive torque)
calculated based on the accelerator opening degree facc and
the vehicle speed V, controls opening/closing of the electronic
throttle valve through the throttle actuator so as to acquire the
target engine torque Tetgt, controls a fuel injection amount
through the fuel injection device, and controls an ignition
timing through the ignition device.

The CVT control portion 72 outputs the CVT control com-
mand signal Scvt to the hydraulic control circuit 64 for the
shift control and the belt clamping pressure control of the
continuously variable transmission 18, for example. Specifi-
cally, the CVT control portion 72 sets a target input shaft
rotation speed Nintgt based on a running state of the vehicle
10 indicated by the actual vehicle speed V and the accelerator
opening degree Bacc from a shift map preliminarily obtained
from experimentation or design and stored (i.e., predefined)
as depicted in FIG. 2. The CVT control portion 72 performs a
shift of the continuously variable transmission 18 through
feedback control such that the actual input shaft rotation
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speed NM matches the target input shaft rotation speed Nin-
tgt. Additionally, the CV'T control portion 72 controls the belt
clamping pressure to a lowest possible value for fuel effi-
ciency improvement in a range without occurrence of a belt
slip.

The L/U clutch control portion 74 commands the hydraulic
control circuit 64 to output the /U clutch control pressure Slu
for the actuation control of the L/U clutch 15, for example.
Specifically, the L/U clutch control portion 74 controls the
actuation state of the I/U clutch 15 based on the running state
of the vehicle 10 indicated by the actual vehicle speed V and
the accelerator opening degree facc from a predefined rela-
tionship (map, lockup region diagram) as depicted in FIG. 3.
The L/U clutch control portion 74 puts the L/U clutch 15 into
the L/U-off when the running state of the vehicle 10 is in an
L/U-off region, puts the L./U clutch 15 into the I./U-slip when
the running state of the vehicle 10 is in an L/U-slip region, and
puts the L/U clutch 15 into the [./U-on when the running state
of the vehicle 10 is in an [./U-on region defined as a prede-
termined running state. In a relatively high vehicle speed
region, the /U clutch 15 is put into the L./U-on to eliminate a
slip loss (internal loss) of the torque converter 14 and the fuel
efficiency is improved. In a relatively low/medium vehicle
speed region, the L/U clutch 15 is put into the I/U-slip (i.e.,
an L/U actuation region is expanded) to improve a transmis-
sion efficiency of the torque converter 14 and the fuel effi-
ciency is improved. Therefore, since the L/U-slip can be
considered as one form of the [./U-on, the predetermined
running state for putting the L/U clutch 15 into the L./U-on
may include the I/U-slip region. If the L/U clutch 15 is put
into the L/U-slip, the L/U clutch control portion 74 controls
the /U clutch pressure Plu through feedback control such
that the actual slip amount Ns of the L/U clutch 15 becomes
equal to a target slip amount Nstgt.

To achieve a fuel efficiency improvement by utilizing a
low-rotation speed high-torque region with a relatively high
engine combustion efficiency, for example, at the vehicle start
associated with turning on of an accelerator, the L/U clutch
control portion 74 provides start-time lockup slip control
(start-time [/U-slip control) in which the L/U clutch 15 is put
into the L/U-slip toward the [./U-on so that a rise (rev-up) of
the engine rotation speed Ne is suppressed. For example,
when a predefined start-time [./U-slip control start condition
is satisfied, this start-time [./U-slip control suppresses the
rev-up of the engine rotation speed Ne 50 as to satisty both the
fuel efficiency and the power performance depending on the
accelerator opening degree Gacc, thereby suppressing fuel
consumption. The start-time L/U-slip control start condition
is satisfaction of all the following conditions, i.e., whether a
shift lever is at a “D” position, whether a brake is turned off,
whether the accelerator is turned on from a state in which the
vehicle 10 is determined as being stopped, and whether the
running state is in a start-time L/U-slip region, for example.
Since the start-time [/U-slip control is the control of restrain-
ing the engine rotation speed Ne from temporarily increasing
in accordance with turning on of the accelerator, the start-time
L/U-slip control is desirably provided, for example, at the
vehicle start associated with turning on of the accelerator the
opening degree acc of which is a relatively low opening
degree, so that a driver hardly has a feeling of uncomfortable-
ness in terms of vehicle acceleration feeling from the turning
on of the accelerator. Therefore, for example, as depicted in
the lockup region diagram of FIG. 3, the start-time [/U-slip
region is defined in advance in a region that is on the lower
vehicle speed side as compared to the [/U-slip region and that
has the accelerator opening degree Bacc within a predeter-
mined low opening degree. In this example, the control of
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putting the L/U clutch 15 into the [/U-slip described above
provided during steady running (normal running) other than
the time of vehicle start is referred to as steady-time [./U-slip
control. The [./U-slip region for determining the provision of
the steady-time L/U-slip control is described as an [./U-slip
region (steady time).

In L/U-slip/on control in which the /U clutch 15 is con-
trolled from the [/U-off toward [./U-on (the start-time [/U-
slip control, the steady-time [./U-slip control in the case of not
continuing to the start-time I./U-slip control, and L/U control
at steady time in which the /U clutch 15 is put into the
L/U-on in the case of not continuing to the steady-time [./U-
slip control), the L/U clutch control portion 74 provides feed-
forward control of setting the [./U clutch control pressure Slu
corresponding to the accelerator opening degree acc at the
start of provision of the L/U-slip/on control, for example. For
the L/U clutch control pressure Slu at the start of provision of
the L/U-slip/on control, for example, a constant standby pres-
sure maintained at a constant value is set. This constant
standby pressure is set such that, with regard to a torque
transmission start time defined as, for example, a time from
the start of provision of the L/U-slip control until a time point
when the torque transmission is actually started in the L/U
clutch 15 (hereinafter referred to as a start time point of torque
transmission through the L/U clutch 15), the torque transmis-
sion start time is set to a predefined target time for satisfying
both the suppression of shock and the suppression of rev-up
of the engine rotation speed Ne.

Solenoid valves etc. in the hydraulic control circuit 64
outputting the L/U clutch pressure Plu based on the L/U
clutch control pressure Slu originally have hardware varia-
tions to some extent in quality and variations are accordingly
generated in the L/U clutch torque Tlu for the L/U clutch
control pressure Slu. Therefore, torque fluctuation and shock
may occur due to the hardware variations. For hardware varia-
tions and aged deterioration, the electronic control device 50
provides the L/U clutch pressure learning control of learning
the constant standby pressure of the /U clutch control pres-
sure Slu.

Specifically, returning to FIG. 1, the electronic control
device 50 further includes a learning control means, i.e., a
learning control portion 76, providing the I/U clutch pressure
learning control.

The learning control portion 76 calculates the L/U clutch
torque Tlu based on the engine rotation speed Ne from the
following Equation (1), for example, during the [/U-slip/on
control provided by the [./U clutch control portion 74 (i.e., in
an engaging process of the L/U clutch 15 during the L/U-slip/
on control). Equation (1) is a known equation of equilibrium
of the torque converter 14. A second term of the right side of
Equation (1) represents a torque capacity of the torque con-
verter 14 and C is a capacity coefficient of the torque con-
verter 14. A third term of the right side of Equation (1)
represents an inertia torque and le is a predefined engine
rotating portion inertia moment (engine inertia). The learning
control portion 76 calculates an engine torque Te of a first
term of the right side of Equation (1) based on the actual
engine rotation speed Ne and throttle valve opening degree
6th from a predefined relationship (engine torque map) as
depicted in FIG. 4, for example. The learning control portion
76 calculates the capacity coefficient C of the torque con-
verter 14 based on a speed ratio e of the torque converter 14
(=the turbine rotation speed Nt/the engine rotation speed Ne)
from a predefined relationship (an actuation characteristic
diagram of the torque converter 14) as depicted in FIG. 5, for
example, and calculates the torque capacity of the torque
converter 14 of the second term of the right side of Equation
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(1) based on the capacity coefficient C and the engine rotation
speed Ne. The learning control portion 76 calculates the iner-
tia torque of the third term of the right side of Equation (1)
based on the engine inertia Ie and the engine rotation speed
Ne, for example.

Tlu="Te-CxNe>~Iex(dNe/dr) 1)

The learning control portion 76 determines whether the
L/U clutch torque Tlu calculated by using Equation (1)
changes from zero to a positive value, for example. The learn-
ing control portion 76 measures the torque transmission start
time from the start of provision of the L/U-slip/on control by
the L/U clutch control portion 74 until a time point when it is
determined that the /U clutch torque Tlu changes to a posi-
tive value (i.e., the start time point of torque transmission
through the /U clutch 15 determined based on determination
of'the L/U clutch torque Tlu changing to a positive value), and
determines whether the torque transmission start time is the
predefined target time. If it is determined that the torque
transmission start time is the target time, the learning control
portion 76 does not correct the next constant standby pressure
of'the L/U clutch control pressure Slu used in the L/U-slip/on
control by the L/U clutch control portion 74. On the other
hand, ifitis determined that the torque transmission start time
is shorter than the target time, the learning control portion 76
corrects the next constant standby pressure of the L/U clutch
control pressure Slu used in the I./U-slip/on control by the
L/U clutch control portion 74 such that the constant standby
pressure is reduced by a predetermined value defined in
advance, for suppressing a vehicle shock, for example. In
contrast, if it is determined that the torque transmission start
time is longer than the target time, the learning control portion
76 corrects the next constant standby pressure of the L/U
clutch control pressure Slu used in the [./U-slip/on control by
the L/U clutch control portion 74 such that the constant
standby pressure is increased by a predetermined value
defined in advance, for suppressing the rev-up of the engine
rotation speed Ne, for example.

Although whether the /U clutch torque Tlu changes from
zero to a positive value is determined by determining whether
Tlu>0 is satisfied, a predefined “predetermined value” close
to zero may be used instead of “0” from the viewpoint of
suppressing the effect of signal noises and securing a certain
margin for estimated errors of the L./U clutch torque Tlu, the
engine torque Te, etc. The target time used for comparison
with the torque transmission start time is preferably a target
time slot having a certain time width from the viewpoint of
suppressing the effect of signal noises and securing a certain
margin for estimated errors of the L./U clutch torque Tlu, the
engine torque Te, etc., and then the determination condition is
whether the torque transmission start time is within the target
time slot.

When the engine rotation speed Ne is varied due to a shift
of'the continuously variable transmission 18 during the [/U-
slip/on control provided by the L/U clutch control portion 74,
the L/U clutch torque Tlu may wrongly be calculated and the
constant standby pressure of the L/U clutch control pressure
Slumay wrongly be learnt in the L/U clutch pressure learning
control by the learning control portion 76. Particularly, at the
vehicle start, an upshift is likely to be made from the maxi-
mum gear ratio (the lowest-vehicle-speed-side gear ratio, the
lowest-side gear ratio) ymax. Therefore, the learning of the
L/U clutch control pressure Slu used in the start-time [/U-slip
control is performed when the steady-time L/U-slip control or
the L/U control at the steady time is provided rather than
when the start-time [/U-slip control itself is provided. As
described above, the learning control portion 76 provides the
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L/U clutch pressure learning control of learning the L/U
clutch control pressure Slu used in the steady-time L/U-slip
control during the /U control at the steady time (including
the steady-time [/U-slip control) provided by the L/U clutch
control portion 74, based on the engine rotation speed Ne
(e.g., based on the start time point of torque transmission
through the L/U clutch 15 determined based on the L/U clutch
torque Tlu, which is calculated based on the engine rotation
speed Ne).

Even during the /U control at the steady time, the running
state of the vehicle 10 may be in a region in which wrong
learning of the constant standby pressure of the L/U clutch
control pressure Slu tends to occur during the L/U clutch
pressure learning control (hereinafter referred to as a wrong
learning region). Therefore, if the running state of the vehicle
10 is within the [/U-on region (including the [./U-slip region)
and is also in a second predetermined running state, the elec-
tronic control device 50 inhibits the L/U control at the steady
time. Ifthe /U control at the steady time is simply inhibited,
a learning frequency of the L/U clutch pressure learning
controlis reduced. Therefore, the electronic control device 50
inhibits the L/U control at the steady time until the running
state of the vehicle 10 goes out of the second predetermined
running state, and provides the L/U control at the steady time
after the running state of the vehicle 10 goes out of the second
predetermined running state, thereby providing the L/U
clutch pressure learning control in the engaging process of the
L/U clutch 15 during the L/U control. The second predeter-
mined running state is a running state defined in advance as a
running state in which it is predicted that the running state of
the vehicle 10 has the engine rotation speed Ne varied by a
predetermined value or more dueto a shift of the continuously
variable transmission 18, for example. More specifically, the
second predetermined running state is a running state in
which an excessive variation in the engine rotation speed Ne
tends to occur due to a shift of the continuously variable
transmission 18 such as a region in which an upshift tends to
be made from the maximum gear ratio ymax, for example, and
is a running state in which the vehicle speed V is equal to or
less than a predetermined vehicle speed (i.e., a predetermined
low vehicle speed state) such as the vehicle is still at a low
vehicle speed as in the case of transition of the vehicle start,
for example. Additionally or alternatively, the second prede-
termined running state is a running state in which the gear
ratio y of the continuously variable transmission 18 is equal to
or greater than a predetermined value such as a gear ratio is
still on the low vehicle speed side so that an upshift tends to be
made, for example.

If the temporary inhibition of the L/U control at the steady
time is limited to only when the L/U clutch pressure learning
control is provided, the L/U control at the steady time is
provided when the L/U clutch pressure learning control is not
provided and the running state of the vehicle 10 is within the
L/U-on region. Therefore, if the running state of the vehicle
10 is within the [/U-on region and the /U clutch pressure
learning control is permitted, the electronic control device 50
provides the L/U control at the steady time after the running
state of the vehicle 10 goes out of the second predetermined
running state, and executes a sequence of the L/U clutch
pressure learning control described above. On the other hand,
if the running state of the vehicle 10 is within the [./U-on
region and the /U clutch pressure learning control is not
permitted, the electronic control device 50 provides the L/U
control at the steady time regardless of whether the running
state of the vehicle 10 is in the second predetermined running
state.
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Specifically, returning to FIG. 1, the electronic control
device 50 further includes a learning permission determining
means, i.e., a learning permission determining portion 78, and
a wrong learning region determining means, i.e., a wrong
learning region determining portion 80.

For example, when the L/U clutch control portion 74 deter-
mines that the running state of the vehicle 10 is within the
L/U-on region, the learning permission determining portion
78 determines whether the provision of the [/U clutch pres-
sure learning control is permitted based on whether predeter-
mined learning permission conditions are satisfied for the
L/U clutch pressure learning control of learning the L/U
clutch control pressure Slu used in the start-time [/U-slip
control. Since the L/U clutch control pressure Slu used in, for
example, the start-time [/U-slip control is learnt, the prede-
termined learning permission conditions are defined as con-
ditions close to the start-time [./U-slip control start condition.
Specifically, the predetermined learning permission condi-
tions are that the throttle valve opening degree 0th (or the
accelerator opening degree Bacc) is within a low opening
degree region equal to or less than a predetermined opening
degree, that a change amount (i.e., a change rate) of the
throttle valve opening degree 6th (or the accelerator opening
degree Bacc) per unit time is at a low change rate equal to or
less than a predetermined change amount, and that the engine
torque Te is within a low torque region equal to or less than a
predetermined torque.

If the learning permission determining portion 78 permits
the provision of the L/U clutch pressure learning control, the
wrong learning region determining portion 80 determines
whether the running state of the vehicle 10 is in the wrong
learning region based on whether the running state of the
vehicle 10 is in the second predetermined running state. This
wrong learning region is, for example, a low vehicle speed
region that is a region in which an upshift tends to be made
from the maximum gear ratio ymax and in which the vehicle
speed V is equal to or less than the predetermined vehicle
speed, and/or, for example, a low-side gear ratio region that is
a region in which an upshift tends to occur and in which the
gear ratio vy of the continuously variable transmission 18 is
equal to or greater than the predetermined value.

If the wrong learning region determining portion 80 deter-
mines that the running state is in the wrong learning region,
the L/U clutch control portion 74 inhibits the L/U control at
the steady time and does not provide the [./U control until the
wrong learning region determining portion 80 determines
that the running state is not in the wrong learning region. On
the other hand, if the wrong learning region determining
portion 80 determines that the running state is not in the
wrong learning region, the /U clutch control portion 74
provides the /U control at the steady time. If the learning
permission determining portion 78 permits the provision of
the L/U clutch pressure learning control, the learning control
portion 76 provides the L/U clutch pressure learning control
during the L/U control at the steady time by the L/U clutch
control portion 74. On the other hand, if the learning permis-
sion determining portion 78 does not permit the provision of
the L/U clutch pressure learning control, the [/U clutch con-
trol portion 74 provides the L/U control at the steady time
regardless of whether the running state of the vehicle 10 is in
the wrong learning region.

FIG. 6 is a flowchart for explaining a main portion of the
control operation of the electronic control device 50, i.e., the
control operation for improving the learning accuracy of the
L/U clutch pressure learning control and suppressing a reduc-
tion in learning frequency of the L/U clutch pressure learning
control, and is repeatedly executed with an extremely short
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cycle time, for example, on the order of a few msec to a few
tens of msec. FIG. 7 is an example of a time chart when the
control operation depicted in the flowchart of FIG. 6 is
executed.

In FIG. 6, first, step (hereinafter, step will be omitted) S10
corresponding to the L/U clutch control portion 74 indicates
that, for example, the running state of the vehicle 10 is deter-
mined as being within the [./U-on region. At S20 correspond-
ing to the learning permission determining portion 78, it is
determined whether it is permitted to provide the L/U clutch
pressure learning control of learning the I/U clutch control
pressure Slu for the start-time [/U-slip control, for example.
If the determination of S20 is affirmative, at S30 correspond-
ing to the wrong learning region determining portion 80, it is
determined whether the running state of the vehicle 10 is in
the wrong learning region, for example. If the determination
of'S30 is affirmative, at S40 corresponding to the L/U clutch
control portion 74, for example, the L/U control at the steady
time is inhibited. During execution of S40, S30 is repeatedly
executed. In contrast, if the determination of S30 is negative,
at S50 corresponding to the L/U clutch control portion 74 and
the learning control portion 76, for example, the [/U control
at the steady time is provided and the [/U clutch pressure
learning control is provided during the [/U control. On the
other hand, if the determination at S20 is negative, at S60
corresponding to the /U clutch control portion 74, for
example, the L/U control at the steady time is provided.

In FIG. 7, a broken line is an example when the provision
of the L/U clutch pressure learning control is not permitted
and a solid line is an example when the provision of the L/U
clutch pressure learning control is permitted. If the running
state of the vehicle 10 is within the [./U-on region and the
provision of the L/U clutch pressure learning control is not
permitted, the L/U control at the steady time is started at
normal timing (see time t1). If a shift of the continuously
variable transmission 18 is performed during this L/U con-
trol, the engine rotation speed Ne is varied as indicated by the
broken line and, therefore, if the L/U clutch pressure learning
control is provided during this [/U control, the constant
standby pressure of the I/U clutch control pressure Slu is
wrongly learnt. Thus, even when the running state of the
vehicle 10 is within the [./U-on region, the /U control is
inhibited in the wrong learning region if the provision of the
L/U clutch pressure learning control is permitted, and the L/U
control is started as indicated by a solid line after the running
state goes out of the wrong learning region (see time t2). Since
a shift of the continuously variable transmission 18 is sup-
pressed or avoided during this L/U control, the L/U clutch
pressure learning control is accurately provided. Since the
L/U control is inhibited only when the running state of the
vehicle 10 is within the wrong learning region, the opportu-
nity of providing the L/U clutch pressure learning control is
properly ensured. Since the [./U control in the wrong learning
region is inhibited only when the provision of the I/U clutch
pressure learning control is permitted, if the provision of the
L/U clutch pressure learning control is not permitted, the L/U
control is promptly started when the running state of the
vehicle 10 is within the L/U-on region.

As described above, according to this example, when the
L/U clutch pressure learning control is provided, the learning
accuracy of the L/U clutch pressure learning control can be
improved by inhibiting the engagement of the L/U clutch 15
in the running state in which an excessive variation in the
engine rotation speed Ne tends to occur during learning due to
a shift of the continuously variable transmission 18. Addi-
tionally, when the /U clutch pressure learning control is
provided, a reduction in the learning frequency of the L/U
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clutch pressure learning control can be suppressed by not
only simply inhibiting the engagement of the /U clutch 15 in
the running state in which an excessive variation in the engine
rotation speed Ne tends to occur during learning due to a shift
of the continuously variable transmission 18 but also engag-
ing the /U clutch 15 after a running state is achieved in which
the excessive variation hardly occurs during learning.

According to this example, since the second predetermined
running state is the predetermined low vehicle speed state,
when the L/U clutch pressure learning control is provided, the
engagement of the L/U clutch 15 is properly inhibited in the
running state in which an excessive variation in the engine
rotation speed Ne tends to occur during learning due to a shift
of'the continuously variable transmission 18, such as aregion
in which an upshift of the continuously variable transmission
18 tends to be made because the vehicle is still in transition of
the start.

According to this example, since the second predetermined
running state is a state in which the gear ratio y of the con-
tinuously variable transmission 18 is equal to or greater than
the predetermined value, when the L/U clutch pressure learn-
ing control is provided, the engagement of the [./U clutch 15
is properly inhibited in the running state in which an excessive
variation in the engine rotation speed Ne tends to occur during
learning due to a shift of the continuously variable transmis-
sion 18, such as when the gear ratio is still on the low side on
which an upshift of the continuously variable transmission 18
tends to be made.

According to this example, since the control of temporarily
inhibiting the engagement of the L/U clutch 15 is limited to
only during the L/U clutch pressure learning control, the L/U
clutch 15 is engaged when the running state of the vehicle 10
is in the original predetermined running state while the L/U
clutch pressure learning control is not provided and, there-
fore, the deterioration in practical fuel efficiency of the
vehicle 10 is suppressed.

According to this example, when the L/U clutch 15 is
engaged, the /U clutch pressure learning control is properly
provided based on the engine rotation speed Ne.

Although the example of the present invention has been
described in detail with reference to the drawings, the present
invention is applied in other forms.

For example, in the example, the continuously variable
transmission 18 is exemplified as the automatic transmission
included in the vehicle 10. If this automatic transmission is
the continuously variable transmission 18, the variation in the
engine rotation speed Ne tends to occur when the gear ratio y
is continuously changed from the maximum gear ratio ymax
at the vehicle start and, therefore, the application of the
present invention is particularly useful. However, even if the
automatic transmission is a stepped transmission, since an
upshift may immediately be made at the vehicle start and the
vehicle may be in such a running state (region) in which the
L/U control overlaps with a shift of the stepped transmission,
the present invention may be applicable.

In the flowchart of FIG. 6 of the example, for example, if a
form of implementation is not differentiated between permis-
sion and non-permission of the /U clutch pressure learning
control, the present invention is achieved even without
including S20 and S60. As described above, the steps in the
flowchart of FIG. 6 can be changed as needed without causing
inconvenience.

Although the wrong learning region is exemplified by the
low vehicle speed region and the low-side gear ratio region,
i.e., regions in which the engine rotation speed Ne is predicted
to vary by the predetermined value or more due to a shift of the
continuously variable transmission 18 in the example, this
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form is not a limitation. For example, it may be determined
whether the running state of the vehicle 10 is within the wrong
learning region when the engine rotation speed Ne actually
varies by a predetermined value or more. In such a case, the
second predetermined running state is a state in which a
change amount of the engine rotation speed Ne is equal to or
greater than a predetermined value, for example. The engage-
ment of the L/U clutch 15 is properly inhibited also in this
way in the running state in which an excessive variation in the
engine rotation speed Ne tends to occur during learning due to
a shift of the continuously variable transmission 18 when the
L/U clutch pressure learning control is provided.

Although the engine 12 is exemplified as the drive power
source for running included in the vehicle 10 in this example,
this form is not a limitation. For example, although a gasoline
engine or a diesel engine is used for this drive power source
for running, another motor such as an electric motor may be
employed in combination with the engine 12. Although the
power of the engine 12 is transmitted via the torque converter
14 to the continuously variable transmission 18, this form is
not a limitation. For example, another fluid power transmis-
sion device such as a fluid coupling without a torque ampli-
fication effect may be used instead of the torque converter 14.

The above description is merely an embodiment and the
present invention can be implemented in variously modified
and improved forms based on the knowledge of those skilled
in the art.

NOMENCLATURE OF REFERENCE SIGNS

10: vehicle
12: engine
14: torque converter (fluid power transmission device)
14p: pump impeller (input rotating member)
14z: turbine impeller (output rotating member)
15: lockup clutch
18: belt type continuously variable transmission (automatic
transmission)
50: electronic control device (control device)
What is claimed is:
1. A vehicle control device of a vehicle including a lockup
clutch configured to directly couple between input/output
rotating members of a fluid power transmission device trans-
mitting power of an engine to an automatic transmission, the
vehicle control device comprising an electronic control unit
configured to:
engage the lockup clutch when a running state of the
vehicle is in a first predetermined running state;

provide lockup clutch pressure learning control of learning
an oil pressure of the lockup clutch used in start-time
lockup slip control in which the lockup clutch is placed
in a slip-engaged state toward an engaged state at the
start of the vehicle based on a rotation speed of the
engine at the time of engagement of the lockup clutch;

inhibit engagement of the lockup clutch when the running
state of the vehicle is in the first predetermined running
state and in a second predetermined running state;

engage the lockup clutch after the running state of the
vehicle goes out of the second predetermined running
state; and

provide the lockup clutch pressure learning control in an

engaging process of the lockup clutch, wherein:

the first predetermined running state is a running state of
the vehicle that is in a predetermined region in which
the lockup clutch is engaged; and

the second predetermined running state is a predeter-
mined low vehicle speed state or a state in which a
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gear ratio of the automatic transmission is equal to or
greater than a predetermined value.
2. The vehicle control device of claim 1, wherein the sec-
ond predetermined running state is a state in which a change
amount of rotation speed of the engine is equal to or greater
than a predetermined value.
3. The vehicle control device of claim 1, wherein
when the running state of the vehicle is in the first prede-
termined running state and the lockup clutch pressure
learning control is permitted, the lockup clutch is
engaged after the running state of the vehicle goes out of
the second predetermined running state, and
when the running state of the vehicle is in the first prede-
termined running state and the lockup clutch pressure
learning control is not permitted, the lockup clutch is
engaged regardless of whether the running state of the
vehicle is in the second predetermined running state.
4. The vehicle control device of claim 1, wherein
atorque capacity of the lockup clutch is calculated by using
an engine torque and a torque capacity of the fluid power
transmission device calculated based on a rotation speed
of the engine during engaging the lockup clutch, and

the lockup clutch pressure learning control is provided by
correcting an oil pressure value of the lockup clutch
according to whether a start time point of torque trans-
mission through the lockup clutch determined based on
the torque capacity is earlier or later than a target start
time point.
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